ABSTRACT: Global warming is affecting agribusiness in its economic aspects. Therefore, the prediction of the evolution of Brazilian beef cattle production cost was made using the IPCC forecast scenario for global warming. The methodology consisted of two steps: (i) the development of a fuzzy model that estimated the grazing land capacity (RP) decrease risk as a function of the changes in the average total rain index, air temperature and increase in extension of the dry season; and (ii) the design of an algorithm for predicting the decrease in production as function of the RP fuzzy model, that results in the impact in beef cattle productivity, and consequent increase in production costs. Historical environmental data from important producing counties in the Cerrado were organized and a set of fuzzy Gaussian functions were developed, and three possible settings (optimistic, medium and pessimistic) were considered. The decrease in beef cattle productivity was estimated using the losses in production due to the increase in air temperature and vulnerability of pasture capacity. The boundary settings for the total increase of production cost scenario used the number of animals per area of grazing land, the adoption of grain supplement and its future scenario; and the result output function pointed to a threshold within a variation from an increase in production cost of 80% (optimistic) to 160% (pessimistic). Under the optimistic scenario the total cost of Brazilian beef cattle production in the Cerrado became near to US$ 2.88 kg -1 , while in the pessimistic scenario this cost reached US$ 4.16 kg -1 , challenging the international competitiveness of this economic segment. Key words: dry season, environmental temperature, fuzzy simulation, mathematical modeling Impacto do aquecimento global no custo de produção de carne bovina no Brasil RESUMO: O aquecimento global afeta o agronegócio em seus aspectos econômicos. Foi feita previsão da evolução do custo de produção de carne bovina brasileira usando a predição de aquecimento global do IPCC. A metodologia consistiu de duas etapas: (i) o desenvolvimento de modelo fuzzy que estimou o risco de decréscimo da capacidade de pastagens (RP) em função das mudanças no índice pluviométrico total, na temperatura do ar e na extensão da estação de seca; e (ii) o desenvolvimento de um algoritmo para predição do decréscimo da produção em função de um modelo fuzzy de RP que resulte no impacto na produtividade bovina de corte e conseqüente aumento no custo de produção. Foram organizados os dados históricos de fatores ambientais dos municípios importante produção no Cerrado e um conjunto de funções Gaussianas fuzzy foi desenvolvido e três estimativas possíveis (otimista, média e negativa) foram consideradas. O decréscimo na produtividade do gado foi estimado usando as perdas de produção devido ao acréscimo da temperatura bem como da vulnerabilidade da capacidade de pastagem. O estabelecimento dos limites para o cenário do acréscimo do custo de produção usou o número de unidade animal por área de pastagem, a adoção de suplemento de grãos e o cenário de produção futura; e o resultado da função de saída apontou para uma variação do acréscimo do custo de produção de 80% (otimista) até 160% (pessimista). Sob o cenário otimista, o custo total da produção brasileira de carne bovina no Cerrado chega a US$ 2,88 kg -1 , enquanto no cenário pessimista este custo pode atingir US$ 4,16 kg -1 , o que pode comprometer a competitividade internacional do setor. Palavras-chave: estação seca, temperatura ambiente, simulação fuzzy, modelagem matemática
Impact of global warming on beef cattle production cost in Brazil
with 97% reared on native and/or planted pastures and 75% on the Cerrado 1 area. Global warming and sustainability issues can be considered at a large number of levels as well as related to several environmental conditions. According to the IPCC 2 forecast, glo- bal ambient temperature is likely to increase up to 5ºC until the end of this century affecting in an overall way agricultural and animal production (Bates et al., 1996; Brklacich et al., 2000; Chiotti and Johnston, 1995; CIG, 1996; IPCC 2001 IPCC , 2001a IPCC, 2007; Specht and Specht, 1995) and this kind of global change leads to broad shifts in socio-economic systems Harrington and Lu, 2002; Howden et al., 1999; McCown et al., 1981; Mott et al., 1985; Stafford Smith and Foran, 1992; Topp and Doyle, 1996; ) , as well as bio-physical changes (Foran and Stafford Smith, 1991; Graetz et al., 1988; Marcelino, 2007) . Possible variation in agricultural yield facing global warming has been established Siqueira et al., 1994; Stafford Streck and Alberto, 2006) and trends of modification in rainfall indexes leading to droughts not only in the Cerrado area, but also expanding towards the Amazon basin, have been reported (Marcelino et al., 2006; Marcelino, 2007; Sombroek, 2001) . Models for assessment of grazing land use and its change through time, as well as beef cattle growth on pasture are available in the current literature (Clewett et al., 1991; Clipperton and Bean, 2007; Feer et al., 1997; Hendricksen et al., 1982; McKeon et al., 1980; McCown, 1981; Stafford Smith and Foran, 1992; White, 1978; Wicksteed, 1980) . Fuzzy inference systems can be used for estimating scenarios of high degree of uncertainty, and that are based on empirical analysis of which the main principle is the "Postulate of Possibilities" (Amendola et al., 2004; Bellman and Zadeth, 1970; Oliveira et al., 2005) . As Brazilian beef cattle production is strongly dependent on planted pasture and highly influenced by international competitors (including world grain production), the global warming impact is likely to influence beef prices, as in other countries that use grazing land for pasture (Herne, 1998; White 1972; ) .the objective of this study was to estimate the beef production cost in Brazil under the IPCC forecast of climate change, using fuzzy logic.
Material and Methods
A database was built up using the values of historical data (last sixty years) of average monthly air temperature (T, ºC) and monthly rainfall index (RF, mm) considering only the months that presented an amount of total rainfall lower than 100 mm, typical for the Cerrado dry season. As 75% of Brazilian beef cattle herd is located in the Cerrado region ( Figure 1 ) the data used stem from twenty meteorological stations located in counties which are referred as large producers in that region (IBGE, 2006; Rangel et al., 2007) .
The methodology consisted of two steps: (i) the development of a fuzzy model that estimated the pattern risk of decreasing the grazing land capacity (quality and quantity) as function of the combination of the total rainfall index (mm), average data of monthly air temperature (ºC), and increase in extension of the dry season (days); and (ii) the design of an algorithm for predicting the decrease in production as function of the risk of pas- ture (RP) that led to the impact in beef cattle productivity, and consequent increase in production costs to mitigate the problem.
Development of the fuzzy inference system for describing the risk of drought in pastures A model was developed using fuzzy logic in order to estimate the risk pattern of decreasing the pasture capacity (function named "risk of pasture"; RP) as a function of the 60 years average data on: monthly rainfall index (RF), monthly air temperature (T), and extension (in days) of the dry season (DS). The base of rules used for stating RP came from data found in current literature (Ruiz et al., 1984; Zimmer and Euclides Filho, 1997) .
Pertinence functions (in X, Eq. 1) were described relating the elements of the domain (average monthly air temperature, monthly rainfall index, dry season in days, and risk of pasture) in an unit interval [0,1], as follows:
where the value of μ A (x) ∈ [0,1] indicates the degree the element × (of X) is in the A cluster with μ A (x) = 0 and μ A (x) = 1 (non-pertinence and pertinence of A). Some scenarios of rainfall deficit (rainfall d" 100 mm) and changes in the expansion of the dry season by 30 days (15 days prior to the start and 15 days after the season) were considered and used as input variables. Historical meteorological data from twenty counties where the majority of the herd is located, with an overlap location of the biome Cerrado and the Center West, North and Southern geographic regions of Brazil (Figure 1 ), were selected and organized. The gradual change forecasted by the IPCC scenarios was used to build up the base of rules (IPCC, 2001; IPCC, 2007) . The follow up diagram for applying the fuzzy inference functions is shown in Figure 2 .
The start up scenario was drawn using actual data of the selected counties, where in the dry season the average monthly air temperature was 21.7ºC, the amount of average monthly rain index was 45.5 mm, and the average length of dry season was 150 days. Using this as the normal scenario, the extreme boundaries using the most favorable and unfavorable conditions in the dry season were drawn. The most critical scenario was considered using the following concomitant conditions: increase of 5ºC in the average air temperature, decrease in 60% of the total amount of rain, and increase in the dry season of 30 days (15 days prior to the start and 15 days after the season).
To determine the drought response on extensive grazing herds due to spatial and temporal variation in climate and length of the dry season, another base of rules was adopted. The rules were set for describing the grazing system as a result of a combination of air temperature and amount of rainfall that determines both carrying capacity (animal units per ha) and production per head (death, births and mortalities), as suggested in Campbell et al. (1996) and Campbell et al. (1997) .
The vulnerability of pasture capacity (RP, %) was also expressed as a fuzzy function (Eq. 2 and Eq. 3).
where ƒ 1= ƒ (δT, RF)
Data from T and RF were organized and a set of fuzzy Gaussian pertinence functions were developed. From the Gaussian functions the linguistic fuzzy rules were organized (Tables 1 and 2 ) and a model was built. For building up the fuzzy rules changes that may occur in the average values of the variables were taken into account, such as 1 to 5ºC increase in the air temperature (IPCC, 2001a,b; IPCC, 2007) , and variation on the rainfall index. It was also assumed that all values had normal distribution. The increment of 1ºC for the air temperature, and three times the values of the standard error (SE) found in the average distribution were then chosen to move the average value of rainfall index either up or down. Variations in the extension of the dry season in days, with an increase or decrease of 30 days (15 days prior to the start and 15 days after the season) were used as input variable, in order to design the set of rules for predicting RP function. The rain index deviation was estimated adopting a function of the standard error (SE) derived from the values computed from the historical data, and dispersed in equal proportions from the average (Table 1) errors (SE) in the average distribution was based on the 99.73% confidence interval for the mean, supported by the Central Limit Theorem (Besterfield, 1990; Mood et al., 1974) . As there were three input variables (T; RF; and DS) and one output (RP) it was necessary to arrange the fuzzy rules using two by two sets of base of rules, resulting in six arrays. Both Tables 1 and 2 were built using knowledge available in literature and the supervision of a beef cattle specialist. The adopted fuzzy function of pertinence was related to level of assurance of each specific statement or relation X to the unity interval [0,1], indicating a nonpertinence statement [0] or a total pertinence of statement [1] . The output function RP was found using the method proposed by Mandani (1974) with both interface of fuzzyfication and defuzzyfication. For defuzzyfication the centroid method was adopted. Some scenarios were simulated to search for the best fit of the model.
Design of an algorithm for predicting the decrease in meat production
The prediction of decrease in meat production had two steps; first the decrease in production was estimated, and then the cost of production was calculated as a function of the loss in production and reduction of pasture capacity.
Two variables were taken into account for calculating the decrease in production. First, the loss in reproductive index (RI, %) due to the increase in air temperature was assumed to be within the range of 8.2 to 10% (semen quality, embryo growing deficiency and abortion rate) as found in current literature (Rosa, 2007; Valle et al., 2000) , and second, the increase in production cost (PC, %) due to the decrease in pasture capacity that varied from 0 to 100%, was described as a fuzzy model of RP (Eq. 4 and Eq. 5).
where
Using these functions three possible settings (optimistic, medium and pessimistic) of thresholds were established considering the upper limit as an increase in the ambient temperature from 1 to 5ºC (IPCC, 2001a,b; IPCC, 2007) , a decrease in the rainfall index down to 60%, with a rainfall index monthly average (~18.5 mm), and an extension of the dry season up to 180 days; and a lower limit as an increase in the air temperature 1 to 5ºC, an increase in the rainfall index up to 60% (~ 72.5 mm), and a decrease of the dry season down to 50 days. For determining the mitigation needs in order to maintain the same level of meat production due to the decrease of pasture capacity, two actions were considered: first, the decrease in number of animals used per area Table 1 -Base of rules for setting the fuzzy function (ƒ 1 ) in order to determine the vulnerability/risk of pasture capacity (RP). T = average ambient temperature; T1 = T + 1ºC; T2 = T + 2ºC; T3 = T + 3ºC; T4 = T + 4ºC; T5 = T + 5ºC. LN = large negative; SN = small negative; MN = medium negative; MP = medium positive; LP = large positive; SP = small positive.
Table 3 -Assumptions made for estimating the increase in cost of production due to decrease in grazing capacity (quality and quantity). Table 2 -Base of rules for setting the fuzzy function to describe the vulnerability/risk of pasture capacity (RP) using distinct pertinence degrees. LN = large negative; SN = small negative; MN = medium negative; MP = medium positive; LP = large positive; SP = small positive. The number inside the brackets is the degree of assurance this statement provides, and varies from 0 to 1. Braz.), v.67, n.1, p.1-8 , January/February 2010 of pasture (unit of animal, UA); and second, the use of grain supplement was introduced, based on the same feeding supply concept adopted during the dry season, when pasture capacity is normally reduced. Table 3 shows the data used to build up the base of rules based on current data and management recommendations (Barcelos, 2007; Lazzarini Neto, 2000; Primavesi, 2003) .
A simulation was done by increasing the air temperature T such as T= T 0 + T i (i= 1:5), where T 0 = present temperature and T i =temperature increase, according to IPCC forecast, for reaching the total increase in the cost of production.
Results and Discussion
The fuzzy model for describing the vulnerability/risk of pasture capacity due to the increase in air temperature was built. From the fuzzy pertinence functions it was possible to generate several scenarios consistent with the results described in the current literature, which reveals a grazing capacity decrease under global warming scenario (Gillard and Moneypenny, 1990; Johnston et al., 1996; McKeon et al., 1990; Stafford Smith and Foran, 1998; Topp and Doyle, 1996) .
The output pertinence function (Eq. 6) represents the pasture capacity vulnerability or risk (RP, %), and Table  4 shows the parameters found to represent the membership function. (2007) is presented in Figure 3 , and indicates a proportional risk of pasture capacity as the temperature increases. A model was built (Eq. 7) from the fuzzy functions best fit result (R 2 = 0.88), for each proposed scenario. RP = 7.0721 e 0.4129T (7) Models currently available which simulate animal production are dynamic and deterministic, and they can generally be divided into two groups: mechanistic (Freer et al., 1997) and empirical (McCown, 1981; McCown et al., 1981) . Both model types are able to account for the variability and uncertainty associated with rainfall by using historical climate data, and empirical models are often more likely to be used as Decision Support Systems. However, greater emphasis on developing a sound theoretical basis generally produces a more robust model that operates better under conditions different from those in which it was developed. In such cases greater confidence would be derived from the use of mechanistic models in simulating the impact of variation or change in climate. In this specific study the level of uncertainty in the changes in that specific geographical area, induced the use of fuzzy models. According to the result, as the air temperature increases, the rainfall index decreases and the extension of the dry season changes at the same time, the grazing land capacity varies considerably.
The models and information reviewed in this study showed that planted (non-native or native species) and native pasture growth, as well as animal production can be limited by a wide range of factors such as soil moisture, air temperature, applied nitrogen and phosphorus; and have a wide range of responses . This includes tracing the history of buffering and coping mechanisms employed to reduce vulnerabilities, and a comparison of the local perceptions of the importance of climate variability in beef cattle production. The resulting scenario of vulnerability/risk of pasture capacity was used as input in the second fuzzy model, which is the algorithm that estimates the increase in production cost. The results (Figure 4 ) describe the three final scenarios of increase in cost production of Brazilian beef cattle (%). As the risk of pasture capacity increases the cost of production also increases (in percentage) as a quadratic function (best fit) for all scenarios: optimist, average and pessimist.
Equation 8 
According to the thresholds set in the simulation, most critical scenarios lead to an impact in the cost of beef production that varies from an increment of 80% (optimist scenario) to 160% (pessimist scenario). Similar results were obtained by Hall et al. (1998) using simulation of beef cattle liveweight gain at three locations of Australia. The authors found that ± 10% change in rainfall was magnified to be ± 15% change in animal production (liveweight gain per ha), depending on location and temperature change, and climate change impacts on pasture capacity/risk varied considerably depending on moisture, temperature or soil nutrients. It was also found that this model sensitive study has indicated that a doubling of CO 2 may mitigate the potentially negative effects of a combined warmer temperature/reduced rainfall scenario, on the carrying capacity of rangelands. This implies in how the CO 2 emissions computing may modify the estimation models for grazing lands.
The majority of beef cattle in Brazil are located on non-native pastures in contrast to countries where beef stocks are fed concentrated grain. The biophysical components of the grazing system are climate, soil and grass which interact to produce the plant dry matter consumed by cattle for maintenance and production. The effect of climate change on agricultural yields may vary by region and by crop. Under certain conditions, the eventual positive physiological effects of CO 2 enrichment described in Streck (2005) could be counteracted by temperature increases, leading to shortening of the pasture growth season and changes in precipitation, with consequent reductions in crop yields (IPCC 2001b; IPCC, 2007) . In fact, reduced availability of water (either the increase in extent of dry season or the decrease in rainfall index) and warmer temperatures are expected to have negative effects on crops such as wheat, maize, and potentially soybean production in Brazil (Siqueira et al., 1994) .
As the herd on pasture is highly dependent on the grass growth, the increase in the dry season may dramatically affect the production cost, as the cattle will depend more on grain supplement due to the lack in pasture. Nowadays, Brazilian beef average production cost is near US$ 1.60 kg -1 which is the same as in Uruguay, and it varies between the dry and rainy seasons due to the grazing land capacity. The cost for producing beef in Australia is US$2.45 kg -1 , in Argentina is US$ 1.50 kg -1 , and in the USA is US$ 3.20 kg -1 (Cultivar, 2007) , with little variation between seasons as in those countries there is a mild change in seasonal weather characteristics.
Within the worst scenario Brazilian beef cattle cost of production may reach US$4.16 kg -1 or under a more favorable scenario, the cost of production may increase to US$ 2.88 kg -1 . In both cases the other producing countries (Uruguay, Argentina and the USA) are under temperate climate and the prognostic impact of global warming is to be less intense than in Brazil. Australian scientists have been studying the impact of climate change in their rangelands in the last ten years, as well as providing mitigation solution for producers, while nothing has been done in Brazil. Under both simulated scenarios, Brazilian beef cattle trend is to decline and lose today's price leading position.
Agriculturalists, in general, are expected to adapt to climate change, and some studies already have been conducted to assess farmers' climate perceptions and adaptation strategies (Brklacich et al., 2000; Chiotti and Johnston, 1995) . However, nothing was so far made in Brazil with respect to the estimation of the impact in the pastoral beef cattle production.
Biodiversity of the savannas and native or planted grazing lands have survived prolonged fluctuations in the global thermal variation in the past, but has never experienced the accelerated pace of present global climate change. Little research has been conducted on the impacts of climate change on savanna biodiversity, and this is understandable as the evidence is much stronger for the more immediate impacts of other human activities and land-use practices in the rangelands (Campbell et al., 1997; Stafford and Foran, 1990; . To fully understand the separate impact of climate change on agricultural production, seek for innovative approaches is needed for tearing apart the signal of climate impact on plant response variables, and the response explained by natural diversity and other human environmental drivers. By identifying synergies with other biodiversity initiatives and adopting historical and present-day climate studies, opportunities for innovative approaches are likely to be forthcoming.
Agricultural production is often affected by extreme climate conditions and the severe consequences have been reported in literature (Pittock, 2003a,b; Rossetti, 2001) . Global warming may accelerate photosynthetic activities leading to abnormal plant/pasture development (Bieto and Talon, 1996) . The forecasted increase in air temperature is also expected to bring higher incidence of extreme events, such as heat waves, which associated Sci. Agric. (Piracicaba, Braz.), v.67, n.1, p.1-8 , January/February 2010 to drought may produce higher heat stress on herds reducing even more their productivity .
Conclusion
Global warming under the IPCC scenario may influence the future increase on Brazilian beef cattle cost of production, inducing the loss in its international competitiveness.
There are effective opportunities to manage the grazing lands conservation effectively despite of the climate change. Climate information, together with an understanding of ecosystem dynamics, is increasingly being brought into management decisions and more climate information needs to be incorporated into management tools now. Experiences in other sectors such as agricultural crops show that the most effective way to add information is through cooperative research in which useful on-site applications are developed in collaboration with on-ground producers, building up their capacity for valuable decision-making.
